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speed increases. This induction effect sets a fundamental
limit to the speed of the electric motor, and prevents it from
becoming a perpetual motion machine. The electrical
effect of induced resistance was discovered by Faraday, and
Reynolds writes that Joule, who had been trying for two
years to perfect the electric motor in ignorance of it had
learnt of it perhaps in recent reading of Faraday's papers.
Joule writes that his figures "show pretty clearly the effects
of magnetic electrical resistance. This resistance is the
prime obstacle to the perfection of the electro-magnetic
engine; and in proportion as it is overcome will the motive
force increase. It therefore claims our first attention."
Joule's genius for reaching the quantitative aspect of
phenomena is illustrated in his next paragraph. Instead
of remaining satisfied with the recognition of the existence of
the phenomenon, he immediately gives a quantitative
statement of it. He writes:
"On comparing the differences with the velocities and
currents in each table the general conclusion is that the
magnetic electrical intensity resisting the current is directly
proportional to the velocity multiplied by the magnetism or,
which is the same thing, by the electricity which induces
that magnetism/' This implies that the amount of elec-
trical action consumed in overcoming the induced resistance
in the machine is proportional to the product of the square
of the current and the velocity of rotation, and this is pro-
portional to the mechanical effect. Thus the paper contains
data which implies that the electric action, measured by the
product of electro-motive force and current, is equivalent to
the mechanical effect, and to the chemical effect by which
the current had been produced.
In his eighth paper, dated August 2ist, 1840, Joule dis-
cusses the problem of electrical measurement and the
influence of magnetic saturation on the performance of
electro-magnetic machines. Concerning measurement, he
remarks that "The great difficulty, if not the impossibility,
of understanding experiments and comparing them with
one another arises in general from incomplete descriptions
of apparatus and from the arbitrary and vague numbers